¢ .
A CURRENT OVERVIEW OF THE QCCURANCE, TOXICITY, AND DISPOSAL OF
2,3,7,8 ~ TETRACHLORODIBENZO -p- DIOXIN

2.3.7;8 — Tetrachlorodibenzo-p—~diaxin (2,3,7,§~TCDD) is ane of 22
isomers of tetrachlorodibenzo-p-dioxin (TCDD) . As such.it is also the most
toxic of the 22 isomers. Beth 2,3,7,8-TCOD and the other 21 TCOD isomers
belong to a more general class of chlorinated dioxin compounds refered to
as polychlorinated dibenzo-p-dioxins (PCDOs). Concerning the chemical
characteristics of 2,3,7,8-TCOD , it is a non polar water insoluable
molecule found to be a solid having a melting point of 3050t.

Furthermore, it is highly stable, being unrecative with strong mineral
acids.

TCOBs, and in particular 2,8,7,8-TCDD, have entered the environment
through a variety of pathways. Research has shown them to be present as
trace contaminants in the manufacture of commercial chloraphenols and
chlorobenzenes [ 1,3,32]. As such and through the use of chlorophenals as
anti-fungal/anti-microbial agents, and also as Iintermediates in the
manufacture of more useful chemicals 2,3,7,8~TCOD hés entered the
environment [3,91. Furtheremore, 2:+3,7,8~TCOD, in addition to PCDDs, has
been found in both the particulate and gaseous emissions of a Varied array
of different combustion sources [1.2,4,5,6,7,8.10,33,343. Thus, it has
lead some researchers to state that 2,3,7,8-TCDB, 35 well as PCDOs, is

ubiquitous in the environment {61,
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It is recognized that 2,3,7,8-TCDD and many other PCDDs are formed
as unwanted by-products in the manufacture of chlorinated phenols. Due to
their extengive use either as intermediates, as fungfcides, mold
inhibitors, disinfectants, antiseptics, or wood preservatives
chlorophenols are the largest source of PCDDs [3J. It has been estimated
that present world production of

chlorinated phennls is about 150,000 tons annually [113. The most
fmpartant chlorophenol intermediate is 2,4,5-trichlaraphenol and its
sodium salt 2,4,5~trichlorophenate. Both are used as starting materials in
the production of the phehoxy herbicides 2,4,5-T [2] and 2,4-D, the
bactericide hexachlorophen, and the diphenyl ether herbicides CNP, NIP,
and X-52. All these compaunds have beeﬁ found to contain various levels of
2,3,7,8-TCDD and other PCDDs, which was the resull of
2,4,5-trichlorophenal contaminated with PCODs [3,35], In addition lo these
compounds and the chemical wastes generated in their manufacture, the
process equipment used in the manufacturing process can also be a source
of 2,3,7,8-TCDD contamination. Specifically, proces§ equipment will have
been contaminated by 2,3,7,3-TCDD present in rau materials, finished
- products and wastes, This can thus result in the cantamination of nan
2,3,7,8-TCDD containing materials using the same prgcess equipment if such

equipment is not first decontaminated properly.,
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In addition to concerns that dioxins may be formed as unwanted
by-products in the manﬁfacture of chlorinated phenals and polychlorinated
benzenes research over the past 10 years has shawn that 2,3,7,8-TCDD, as
well as PCDDs, also occurs in the combustion process. Olie, Huntzinger,
and Karasek have found 2,3,7,8-TCDD, in addition to other numerous PCODs,
present in particulate form from many different types af combustion
sources [4,5]. Their research indicates that 2,3,7,8-TCDD and other
chlorinated dioxins occur in the particulate maltler originaling from the
combustion of many different types of organic matter. Bumb stafed thal
this was due to "a natural phenomena -~ the trace chemistry of fire which
consistis of numerous chemical reactians occuring during combustion' at
concentrations as Jow as 10—10 percent"lé]. Additionally, other
chlorinated compounds related to 2,3,7,8-TCOD and PCDDs such as
polychlorinated terphenyls, chlorinated dibenzafurans,and polychlorinated
biphenyl homologs such as decachlorinated blphenyls hava also been found
arlsing from combustion saurces (6,71, Evidence of the occurrence of
chlorinated dioxins, including 2,3,7,8-TCDB, from the incineration of
"municipal solid wastes, sewage sludge, hazardous wastes, from internal
combustion engines, as well as from the burning of fascil fuels and woad
has been found by numerous researchers [2,4,5,6,7,87, Of particular

concern is the incineration of both hazardous wastes and municipal wastes.
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It is well documented that improperly operated hazardous waste
incinerators burning chlorinated organics or PCB laden wastes can result
in the formation of 2,3,7,8-TCOD £6,9]. Regarding the incineration of
municipal solid wastes 2,3,7,8-TCDD hés been found in the precipitated fly
ash and in small diéheter air particulates which escape electrostatie
precipitation [87. Furthermore, the presence ef all PCDD isomers has been
found in the fly ash and air particulates eminating from municipal
incinerators regardless of the type of refuse burned, the design of the
incinerator, or the detailed compositian of the organic adsorbed by the
fly ash [5,101].

The chemistry and thermodynamics of the combustion process is very
complex. Initial pyrolysis products formed during combustion invaolve
hundreds of trace level compounds. These "trace combustion products resuylt
from the trace reaction chemistries of combustion, involving at least
pyrolysis, oxidation, reduction, hydrolysis, and aciéo]ysis, which call
into play an assortment of interaciions of ions - both atomic and
molecular, electrons, free radicals, and free atoms" [4]. Due tn these
complexities associated with the thermodynamics and kinetics of the
combustion process as well as the diverse makeup af municipal solid waste
feed stocks ideal conditions exist for the faormation of individual dioxins
in amounls as high as 100 nanograms per gram of fly ash 6,71 Not only is
municipal solid waste an extremely complex mixture bule so are hazardous
wastes, sewage sludges and fossil fuels. All are composed of literally

hundreds of chemicals and campounds in varing amounts and concentrations
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C63. With this in mind researchers have analyzed fly ash eminating from
incinerators. Their findings show over 400 compounds to be present (Table
1) and include polychlorinated benzenes, polycyclic aromatic hydrocarbons,
and chlorinated phenols [77. Additional resecarch has shoun that inorganic
acid gases such as Qerugen chloride or chlorine gases evolved during the
combustion process can cause the formation of PCODs, including
2,3,7,8-TCDO, even in the burning of such fossil fuels as coal L1133, This
has broad implications in that not only should {he concentration of
organochlarine compounds in incinerator feed stocks be of concern but algo

inorganic chlorine compounds should also be of concern.

Animal _Toxicilty

Paracelsus, an early 14th century "toxicolagist" stated "Al
substances are peisons} there is nope which is not a poisaon. The right
dose differentiates a poisan from a remedy". Fortunately, this is not
exactly true. That is g say not every thing is generically toxic.
However, for thase substance that do produce a toxic response,2,3,7,8~
TCOD included, care must be taken in extrapolating animal data lo humans,
One must realize that there are some uncertainties in biology which exist,
That is, there is a fair amount of inter-species variation - man is nat
Just a big rat - the metabolic pathuays may vary from species tg species.
Also, that there is a fair amaunt of intra-species variation - among the
different sexes of a species there can be a variation in the rates of

metabolism ar even variation within a SeX.
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When animal studies are used tno extrapolate toxicological parameters
to humans, the issue invariably raised is "which humans"? Mankind is
highly diverse - genetically, culturally, and developmentally - with
markedly differential susceptibility to pollutant induced adverse health
effects. No one animél model can Qredict the responses of such a diverse
grouping as humans. Howaver, recognition of the diversity of potential
models suggests that from this vast array of animals different biological
systems could be found which reasonably simulate selected human groups,
Many biological parameters such as enzyme activity levels, dermal
thickness, repair pProcesses, and blood variants display such a range lhat
it may be possible ta find one Or more species with biological system(s)
that respond similarly to their corrosponding human counterpartq.

Numerous animal studies have been conducted an
2,3,7,8—teirachlonod1benzo~p—dioxin using different species having a
specifically similar target biological system(s) to that of humans. The
most common indicator used in these studies has been the the median leihal
dose or L0S0,administered orally. The guinea pig has an LDSO ranging from
0.60 ug/kg to 2.1 ug/kg £12,13,1413, It is from these results thal the 1
ug/kg lethality of 2,3,7,8-TCOD is taken [153. Although this lethality is
real for the guinea pig, its use as the sole toxicity indicator i{s in
error since the guinea pig is hypersensitive to 2,3,7,8-TCDD and should
not be used . Looking at othepr species (Table 2) we find that the female
rat has an LDS0 of 45 ug/kg while the male ral has an LD50 aof 22.5 ug/kg

[143. Depending upon the species mice have an LDSO from 200 ug/kg ta 300
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ug/kg [131. The rabbit has an LDSO of 115 ug/kg C133. The monkey has an
LD30 of < 70 ug/kg [13], Further, hamsters have an LDB50 nf 505] ug/kg
showing the greatest resistance to 2,3,?,8—TCDD,E16].

In determining.ihe chronic ar long term effects of 2,3,7,8-TCDD on
animals multiple 1ow concentration sublethal doses are administered, Fraon
such studies it has been observed that 2,3,7,8-TCOD isg highly lipophilic
thus depositing in such organs as the liver and adipose tissue as well as
maintaining an equilibrium concentration in the blood (Tables 3, 4
£2,3,12,133. As regards genotaxicity, 2,3,7,3-TCOD is not a mutagene but
is a powerful teratogen and embryotoxin [12,131, The embryotloxicity
results from 2,3,7,8-TCDD’s ability to pass through the placental barrier,
which is in part a function of its Vipophilicity C173. In the process of
carcinogenesis 2,3,7,8-TCDD functions more as a promoter than an initiator
of the process [181. 2,3,7,8-TCOD also resulls in damage to the immune
system of animals even at very low doses, with a cumulative effect,
resulting in the reduction of primary and secondary antibody production
(193, Furthermore, animal toxicology data shows that 2,3,7,8-TCOD results
in liver and kidney degeneration, wastiing away syndfume, damage to the
immune system, and reproductive damage as the main chronic effects to

animals.,

Human_Toxicily
Although extensive animal toxicological data on 2,3,7,8-TCDD exists

it can be extremely difficult ta fully extrapolate this data to humans as
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a result of the high degree of biolagica) variability present in the
animal models used. However; in this particular case full extrapolation is
not necessary. From the mid 1930s to the present over 24 industrial
accidents, woridwidgt in chemical plants manufacturing chlorinated
phenols, have sccurred resulting in over 1200 people being potentially
exposed (Table 5) tao 2,3,7,8-TCDD [£20,21,221. As a consequence a varjety
of clinical conditions have been observed in these exposad workers. These
clinical conditions in conjunction with the available animal data aid in
assessing the effects of exposure to 2,3,7,8-TCDD by man. The disaorders
that have been observed in these exposed workers include skin disorders,
systemic effects, neurologlical disorders, and psychnlogical disorders, The
type of disorder and its extent vary depending upon the level of exposure
te 2,3,7,8-TCOD. Exposure to 2,3.7.8~TCDDAin the range of >1 ppm to éppm
ls characterized by the disorder chloracne £20,21,22,231. This is
accompanieﬁ by impaired liver function, which is reversible, or liver
damage, kidney damage, pancreatic damage, cardiovasculap disorders,
elevated serum lipids, gastrointestinal disorders, myopathy and
neuropathy, including depression and irritation of the central nervous
system (Table é). As concerns louw level exposure to 2,3,7,8-TCOD, 1 ppm Lo
several hundred ppb, generally no chloracne resulls. Additionally, all the
above disorders appear, although more mild in their manifestation. An
exception to the above disorders is that no liver and kideny damage
results. Instead impaired liver and kidney function result £21,22,233,

Furthermore, these disorders are not progressive and disappears with time
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£21,22,233. However, chronic very low level exposure, in the part pep
billion to tens of parts per billion range, should be of concern as
elevated serum lipids can lead to cardiovascular disease such as heart
attacks. At extremely high levels of exposurs, much greater than & ppm, to
2,3,7,8-TCDO, for example by dermal contact, extensive liver, kidney, and
pancreatic damage will result leading to death., This has occurred on tuwo
separate occasions with two fatalities [207,

Concerning the human teratogenic effects of 2,3,7,8-TCOD, it has
been shown that 2,3,7,8-TCDD is not a male leralogen £21,221. However,
sufficient human infarmation is not available ta draw a conclusion as {o
whether it is a female teratogen and embryctoxin, although animal studies
indicate that it is. As regards the carcinogenic effects of 2,3,7,8- TCDO,
conflicting evidence exists as to whether 2,3,7,8-TCoD exposure results in
the formation of soft tissue sarcoma. However, general 1nd1cat10ns are
that 2,3,7,8~TCDD exposure at very low levels dges not resuit in
carcinogenesis taken place £21,22,23].

Thus in general, it is unlikely that permanent, severe, and
debilitating disorders are inevitable afler exposure to 2,3,7,8-TCOD not
sufficient to produce chloracne. However, it must be remembered thal
individual susceptibility due tg hypersensitivity may make some people

more vulnerable to the effects af 2,3,7,8-TCDO 227,

Ibﬁ_HaDdlinQ_Q£_243¢2¢§:IEQQ_QQDiﬁmiDQiﬁd_ﬁaigﬁiéli
Whether the source of 2,3,7,8-TCDD or FPCBD contaminated material ije
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fly ash from municipal solid waste incinerators or waste residues fraom
chemical manufacturing, care must be taken to limit human exposure during
disposal handling. To do so not only requires that workers handling such
vastes be provided with the proper personnel protective equipment but that
they also be trained in (a) the hazards associated with the material, (b)
the potential routes of entry into the bady by that material, (c) proper
handling of the material, (d) the proper selection and use of protective
clothing and equipment, and (e) the importance of persanal hygiene afler
removal of protective equipment, i.e. showering [24,25]. Workers invalved
Wwith the disposal of dioxin contaminated malerials should be equipped with
class C protection (291, This involves Lhe use of full body chemically
resistant suits with full head énd neck covering, a full face cartridge
type chemical respirator, chemically resistant gloves, and neoprene safety
boots. Additionally, workers should alsa be provided with both
undergarments and overgarments which can be disposed of after each use
along with all used proteclive clothing and equipment . Furthermore,
separale areas for changing and showering should be provided. With this
there must be four distinct areas: (1) a "clean room" where street
clothing is removed and put on, (2) a shower ronm where employees shaower
after the removal of protective equipment but priar tg wearing street
clothing, (3) an isalation room where emplayees wearing protective
equipment after exposure are decontaminated, and (4) a3 dressing room where
employees dan and remove supplied undergarments, overgarments, and

protective clothing and equipment, Finally, all employees handling such

- 10 -
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wastes should be given extensive "baceline" pPhysicals prior to beginning
such work by an occupational physician, with particular attention given (o
liver function, kidney function, and skin condition. These physicals
should be followed semiannually for a minimum of one year after removal

From this type of work environment,

Qi&eQsal_giuZ&BLZL&:IQQD~aniamin§L§d_maigcialg

In disposing of 2,3,7,8-TCDD or any other PCOD contaminated
materials three potential methods exisi; (1) entombment, (2) photolytic
decomposition, and (3) incineration [26]. The use of entombment is g short
term solution that serves as an effective tool in the safe handling and
storage of 2,3,7,8-TCOD contaminated material while a more permanent
solution ta the problenm can be researched and implemented, Entombment
involves the construction and use‘oF an abave ground aop below g9round
reinfarced concrete monolithic structure storage facility that can be
sealed or capped initially and reopened later an. Before being placed into
this structure all 2,3,7,8-TCOD contaminated material is collected and
containerized, for example in 55 gallgn storage driums, pProperly labeled,
and then sealed. The then properly contained material Is placed into the
structure. After the entombment facility isg completely filled il iq sealed
until a suitable solution Is found. However, the facility must be
maintained under constant monitoring to detect any potential leaks either
from the housed contained waste ar from the facility tao the outside

environment., QOne potentially significant problem with this short term

- 11 -
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solution is that once the waste material is finally disposed of, the
facility itself may have to be dismantled and disposed af as well if i{
has been contaminated by the stored 2,3,7,8-TCDD waste, hence increasing
the total amount of material tao be disposed of.

Photolytic decomposition or Incineration, by virtue of belng
"destructive modes of disposal, can be viewed as ultimate solutions in the
disposal of 2,3,7,8-TC0OD contaminated materials, By stalting that these two
disposal methods are destructive it is inferred that they result in the
irreversible decompositian of a chemical cantaminant. For photalytic
decomposition to be used the 2,3,7,8-TCOD contaminated material must first
be extracted with a suitable solvent such as hexane. After a suitable
extraction of 2,3,7,8-TCOD, > 992.9% efficiency, a smal) amount of
Isopropanol is added tao serve as an additional source of hydrogen donors.
This final exfract is then passed through a phota-oxidative reaction
chamber where UV light having an emissive wavelength fram 200nm to 320nm
and a radiant intensisty of 2mld/cm bombards the solution 30,313, This
results in the complete photolytic decomposition of 2,3,7,8-TCDD -
dechlorination followed by complete polymerization of photoreductive
decomposition by-praoducts of 2,3,7,8-TCDD [24,277.

With incineration the material can be introduced into Lhe
incinerator either directly in unexiracted or extraclted form [26,271, For
2,3,7,8~TCDD materials that must be extracted, the sanme procedure used far
photolytic decompasition is followed, with the ekception thalt isoprapanc!

is not added. The material is then introduced into a two chamber

- 12 -
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incinerator where it is thermally oxidized. In the primary incineratar
‘chamber the waste is pyrolysied at a temperature of !6000F. The material
vaporized during this step is then swept into the second chamber. This
second chamber, acting as an after burner, completely oxidizes any
2,2,7,8-TCDD present at s temperature of 23000F and in the presence of
excess air , with a residence time of at least 2.2 seconds [261, This type
of incinerator design has interesting passibilities when applied to the
incineration of municipal solid waste., By the use of a high temperature

after burner with excess air al) combustion by-products including dioxine

should be completely destroyed.

Conclusion

2,3,7,8-tetrachloradibenzo~p-dioxin occurs as a trace contaminant in
many chlorophenols and their respective waste streams. However, this is
not the only source, The incineration of municipal solid waste as well as
the burning of fossil fuels produces combustion by products which include
~a number of dioxins including 2,3,7,8-TCOD. The formation of diaxins by
combustion thus involves the complex processes of combustion
thermodynamics and kinetics whereby combustion by-products such as
polycyclic organic matter and acid gases such as hydrogen chloride
fnter-react to form chlorinated cyclic and polycyclic organics including
2,3,7,8-TCDD.

Concerning the toxicity of 2,3,7,8-TCOD, numerous anima] studies

have been conducted using a variely of species, It is by one of thece

- 13 -
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'species, the guinea pig, which is hypersensitive to 2,3,7,8-TCOD, that
dioxin has earned the ominous connotation "the most loxic synthetic
chemical known to man". Although 2,3,7,8-TCDD is highly toxic, man tends
to show a greater resistance to its effects than many other species. With
over 1200 people having been exposed Lo 2,3,7,8-TCOD worldwide from
Industrial accidents involving the manufacture of chlorophenols only tuo
fatalities have been report to have resulted from 2,3,7,8-TCDD exposure.
However, further research is necessary to fully understand the lang term
health effects of 2,3,7,8-TCOD at both laow and high level sublethal
exposures.

In handling 2,3,7,8-TCOD contaminated materials for disposal proper
care must be exercised. Proper protective equipment and clothing must be
used as well as effective training in the use aof such equipment.
Additionally, the potential hazards and possible routes of entry
associated with 2,3,7,8-TCDD must alsg be fully understood.

Finally, if ultimate disposal is sought lhe 2,3,7,8TCDD contaminated
material should either be destroyed by extraction-photolytic decomposition
or incineration. However, if the waste or material matri§ is so complex
that this is not presently technically feasible the waste should be
entombed in a special storage facilily until a suitable ultimate disposal
method is found. Also, in the incineration of municipal solid waste the
use of a dual chamber incinerator wilh a primary chamber having &
temperature of 16000F and the secondary chamber having a temperature of

0
2300 F should result in no PCDDs, including 2,3,7,8-TCDOD, being formed

through combustion by-product inter-reactions,

- 14 -
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TABLE 1

elected Poluckclis Organic Compounds Fourd In Effluesnt

Hazes From Coal BAnd Refuss Combustion

COMFOLIND

B Ty —

Harthalens
Frenakrhbhy lene

Fluarens
Phenanthrens
Parerms

Benzo a) pyrene

Dimetlhul phthalate

Digthyl rhthalate
Din—-bubyl phthalate

Butyl benzyl phthalasts

Big (Z-ethylhexygl) phthalate
Di-nnochal phthalate
Tetrachlorabipbenyl
Fenbachlorobirhenul
Hexaclorobiipheng 1
HePtackhlorobirhenul
Ochachlorabiplenu
bod=0ichlorobenzene

1, 2~-DMehlorobsnzens

1, 2,4~Trichlaorobsnzens
1,2, 3-Trichlorobenrene
1,2, 4, 5~Tetrachlorobenzens
1.2, 2, 4-Tetrachlorobenzrense
Fenbachlorobenzene
Hexachlorobenzerne

Mote: uaddom = mircogram per dry

Excetpbed from reference

TRELE 2

AMOUNT Cug/doms

Lov
1.3
B.13
;zlgj
g, 865
3. 851
.87
D67
i4.8
1.1
13.8
2.1
g,33
LaBs
1.69
1.13
8.17

’4.6

cubrie metar,

COMPARTE0N OF ORAL LDSO FOR 2.3,7.2-TCDD

GPECIES

LTG5

Ratimales 22,5 naoka
RahtFamalgy 33 ng9sma
Mice 2E8-208 walKa
Guined Pigimale) .5 AR
Rablkit 275 naska
Fovik ey SE-7R (R~ I 4
Hamsber SE51 wa/kha
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THELE 3

GRASTOIMTESTIMAL ABRSORPTION OF 2,3,7.8-TCID

SFECIESD WEHICLE DOSE SCHEDULE A Absorption

DETE Py €~ B flzan 4= 3D

s ¢ et wt o w——

Guines Fig - Zinole dose 15

B3

[t , PPl in Boouel/kalday FH SH ~ BB
cist 42 cJans

Rat 28epk in Loduaskarddays ¥ 15 17
digt 42 daus

Hamzter Dldwe Qi1 GO0 ueska Pt 23
Qanane Sitale Doze

TABLE 4
DISTRIBUTION OF 2,3, 7,2-TCOD IM BOUY ORGAHS

ROUTE OF PREIHCIFAL
SPECIES AUMIMISTRATION ORGAH DEFOTS

i e & s et

fGives, Fig . al Fat>liver>fAdrenal
>ThamuzsSkin

Rat Deal Liwver » Fat
[Monze O3l LiwversFatrkidney

>Lung
Fonk ey Trbrakeriboneal Fatrok insl iwer

: “Adirenals=Thamus

Hamsher Oral Liwer > Fatb
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TRBLE =

ACCIDEMTS IM CHEMICAL FLAWTS INMVOLVIMG THE MANUFACTURE OF CHL
DROPHEMOLE AR fleTED ULC%P?{{?HHL EXPOSURE RESULTIMG IH HUM
A {ESS

DATE COUHTR'Y FRODUCT FERSOMHEL AFFECTED

1932 Michigan TetralP 21
1336 Missizsirpi TetraCP apa
1449 Mest Yirgina 204,5-T sae

1943 Mest Darmany TCRE 17

1262 Mest Germang TEP 21
13353 Maat OGermand TCR 55
1956 Franoe TCR v
1955 Hew Jersey 2:4,5-T¢2, 41 25
1559 {Laly TCF S
1963 Hollan:d 2.4, 5T 185
1984 s 2ad 5T 124
1954 Michigan 2,4, 5T =
1265 Czechozlovakia TCF et
1958 K TCP 6
1563 Czechoslovakia TCF _ S5
1978 Uk TR 36
1576 Japan PCRAZ, 40 3-T 25
1972 LES5R TCP 1
1572 FAustria 2r 4 G-T b1
1973 Austria 24, 3-T L
1974 West Germarns 2,4, 5-T 3
1376 Thaly TCP ' 134
1375 Lk, TP 41
Exrgrrbed from refersences 208,21, and 22,
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TABLE &

CLIMICAL PROBLEMS ASZOCIATED WITH TCDD EXPOSURE BY HUMAHS

SKRIM DISORDERS Feuchological DISORDERS
Chioracne TepPreszion
HaPerpkiamentation Slaep diafruhnnre
Hirzsotism Perzonality Chan9es

Loss of drive aud 29y

Y

s oof Libido

i3

4

SYETEMIC EFFECTS HEURDLOGICAL DISORIDERS
Fibrosisz of liver Folunenropathy

Increased S6GAT Lower exbremety weakness
Incressed SGRT Siaht Disturbances

Cardiowascular dizorder Hearing Loss
Uninars Lract dizsorders  Headaches
Pancreatic Dizorders Lozs of zmellltaste
GI tract disordsrs
Meisht loss
Hrnotexia
ﬂrFPczslun of d e
adzbem
Elevated zerum liPids
Muzcular achss and Pains

C‘ x‘(a
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